Abstract. A duplicated 4x4 Latin Square experiment was conducted to determine the effects of a gradually increased level of barley fibre in the diet on ad libitum grass silage intake and milk production. Barley fibre is a fibrous ethanol-starch by-product (120 g crude protein, 550 g neutral detergent fibre (NDF) and 120 g starch/kg dry matter (DM)). The four supplements, given at the rate of 6.5 kg/d on DM basis, were barley (B) and barley of which 333 g/kg (BF), 667 g/kg (FB) and 1000 g/kg (F) were replaced by barley fibre. In addition the cows were given I kg of rapeseed meal and 0.25 kg of mineral mixture.
al. 1986 , Phipps et al. 1987 ). However, at lower level of supplementation (ca. 400 g/kg DM) no differences in silage intake have been observed between barley and sugar beet pulp (Castle et al. 1981 . Huhtanen 1987 . At present, sugar beet pulp and wheat bran are the most important by-products incorporated in dairy concentrates in Finland, but new fibrous by-products from integrated starchethanol production from barley are becoming available. These products, consisting mostly of the cell walls of the endosperm, are produced by a process corresponding to the wet milling of maize, as described in detail by Nasi (1988) . Production started in 1987 and is expected to climb to 35 millionkg in the next few years. The objectives of the present study were to compare the effects of barley fibre, relative to barley, on feed intake, milk production and diet digestibility.
Materials and methods

Animals and management
The experiment was conducted with eight lactating Finnish Ayrshire cows. Four of the cows were in their second of fifth lactation and four were heifers. The multiparous cows had calved 43 days (SE 2) and the heifers 103 days (SE 13) before the start of the experiment. The animals were fed and housed individually and had free access to water. Silage was given ad libitum and concentrates were given at 5 and 14 h. Feed refusals were removed and weighed after the morning feeding.
Design and treatments
The experimental design was a duplicated 4x4 Latin Square with eight animals, four treatments and four three-week experimental periods. The heifers and the multiparous cows were allocated to separate squares. The four treatments consisted of grass silage ad libitum, 1 kg of rapeseed meal (RSM), 0.25 kg of mineral mixture and one of the supplementary feeds. The basal supplement was barley (B), which in three treatments was replaced by 333 g/kg (BF), 667 g/kg (FB) and 1000 g/kg (F) barley fibre (Table 1) . RSM was treated to reduce the ruminal degradability (Öljyn-puristamo Oy, Helsinki). All the supplements were given at the rate of 6.5 kg/d on dry matter (DM) basis. The ingredients of the concentrate mixture were weighed separately and mixed before feeding. Direct-cut silage was made from timothy-meadow fescue sward, harvested with a precision-chop forage harvester and ensiled with a formic acid additive (5 1/t).
Feed intake and milk yield were recorded daily. Milk has taken for analysis at morning and ammonia according to Porter et al. (1984) . OM digestibility of silage was determined by the method of Tilley and Terry (1963) . Fermentation quality of the silage was determined by methods described by Huhtanen (1987 a (Maff 1975) . Digestibility coefficients for barley fibre determined in sheep were obtained from Näsi (1988) . Chemical composition of experimental feeds and estimated feeding values are presented in Table 2 . Milk fat and protein contents were analysed with an infrared milk analyser.
Energy utilization
The energy requirements for maintenance were calculated according to the Agricultural Research Council (ARC 1980) and the requirements for live weight change according to Maff (1975) . Milk energy was calculated from equations of Tyrrel and Reid (1965) . ME intake was estimated from digestible OM Mate (1975) .
Statistical analyses
Statistical analyses were based on the results for the last 7 days of each period except for live weight and live change. The model used to analyse the data was
where S, C, P and T represent square, cow, period and treatment effects. The sums of squares for treatment effects were further partitioned using polynomial contrast into linear, quadratic and cubic effects of the level of barley fibre in the diet (Snedecor and Cochran 1967) .
Results
Feed intake
Replacement of barley with gradually increasing levels of barley fibre led to a linear increase (P< 0.001) in silage DM intake (Table 3). At the same time, however, the cows ate less concentrate mixture, SO that the total DM intake was not significantly affected. There were large individual differences between the animals in the intake of the supplements with the two highest levels of barley fibre. The total DM intake tended, however, to be higher when the intermediate levels (diets BF and FB)) of fibre were given (quadratic trend, P<o.l), and when expressed in terms of kg DM/100 kg live weight the quadratic trend reached statistical significance (P< Table 4 , Daily intake (kg) of crude protein, ether extract, starch, crude fibre, NFE, NDF, ADF, cellulose and hemicellulose in cows given grass silage ad libitum with increasing levels of barley fibre. Table 3 . 1 Production DCP; intake corrected for maintenance. For significance: see Table 3 .
Milk yield and milk composition
There were no significant differences between the treatments in milk yield or 4 %-fat corrected milk (FCM) yield ( In spite of the slightly higher OM intake when diets BF and FB were fed (Table 7) , DOM and estimated ME intakes decreased as the proportion of barley fibre in the diet increased (linear effect, PcO.OOl). Milk energy output tended to decrease (linear effect, P<0.06), although the reduction was evident only when diet F was fed. The efficiency of transferring surplus ME into milk (k,) improved with the level of barley fibre (linear effect, P< 0.001) when live weight change was ignored. Including live weight change, the efficiency of utilization of ME averaged 0.628 (SE 0.017) and tended to improve as the proportion of barley fibre increased. The difference did not reach statistical significance because of the wide variation in estimated ME output from live weight change.
Discussion
The increased silage DM intake with increased level of barley fibre was confounded by the reduced intake of the supplement.
However relative to the diet of barley alone, there were increases of 0.60 and 0.86kg in the total DM intake when diets BF and FB were fed. The reasons for higher feed intakes with diets BF and FB are uncertain but may be related to less pronounced post-prandial depression in rumen pH and more efficient cellulolysis in the rumen. The adverse effects of barley on silage intake have their origin in reduced cellulolytic activity in the rumen (Thomas and Chamberlain 1982) . Dietary starch content decreased from 206 to 35 g/kg DM as the proportion of barley fibre in the diet increased. Huhtanen (1988) , however, did not find any differences between barley and unmolassed sugar beet pulp supplements in their effects on rumen pH or on the degradation of silage or hay DM when the supplements comprised 520 g/kg of the total DM intake.
There is some contradiction in the literature regarding the effect of different carbohydrate supplements on silage intake. Thomas et al. (1986) observed 0.9 kg higher silage DM intake with a mixture of unmolassed sugar beet pulp and rice bran than with barley based concentrate. Phipps et al. (1987) reported 0.5 kg higher silage DM intake for cows given fibrous concentrates than for those given starchy concentrates. In experiments where the supplement comprised 400 -500 g/kg of the total DM intake, no differences were found between sugar beet pulp and barley supplements (Castle et al. 1981 , Huhtanen 1987 . In the present study the supplements comprised from 335 (diet F) to 426 (diet B) g/kg of the total DM intake.
The present results are in agreement with a number of other trials in which starchy and fibrious concentrates had the same effect on For significance: see Table 3 . For significance: see Table 3 .
the milk yield of cows given grass silage based diets (Castle et al. 1981 , Mayne and Gordon 1984 , Thomas et al. 1986 , Phipps et al. 1987 , Sloan et al. 1987 . The effect of barley fibre on milk production has not been studied earlier, but feeding of a corresponding byproduct from the corn wet-milling industry, maize gluten feed, led to lower milk yield when it replaced maize and soybean meal in complete mixted diets (Staples et al. 1984 , Macleod et al. 1985 . The lower yield was attributable to the reduced feed intake. Replacing maize and soybean meal by maize gluten feed in dry form increased feed intake and thereby increased FCM yield (Macleod et al. 1985) . A tendency for lower milk fat content with increasing level of barley fibre agrees with the observations of Thomas et al. (1986) and Huhtanen (1987 a) for experiments where unmolassed sugar beet pulp based supplements was substituted for barley at the level of 420-440 g/kg of the total DM intake, similar to the present study. Likewise Castle et al. (1975) reported a higher milk fat content in cows given barley supplements than in those given dried grass supplements with grass silage ad libitum. Higher milk fat content in cows given silage and barley may be related to a high proportion of butyrate in rumen VFA (Huhtanen 1987 b) . Supplementation of silage diets with barley leads to a marked increase in the number of total protozoa in the rumen (Chamberlain et al. 1985) which may explain the high proportion of butyrate in rumen VFA. In contrast to the present results, Staples et al. (1984) and Macleod et al. (1985) reported higher milk fat content with on maize gluten than on diets of maize.
Linear decrease in milk protein content as the proportion of barley fibre in the diet was increased agrees with the results of Staples et al. (1984) and Macleod et al. (1985) . The reasons for the decrease are uncertain but three points need to be considered. First, there where differences in the intakes of supplement and RSM, too. However, the reduction in the intake of supplement was small, and in fact the total DM intake tended to be higher when diets BF and FB were given. Second, the digestibility of OM decreased with the level of barley fibre in the diet and consequently DE intake decreased. The reduction in DE intake was rather small when diets BF and FB were given and it is unlikely that differences in the intake of supplement or DE can explain the lower milk protein content totally.
The third point is the difference in fat content of the supplements: the fat content of barley fibre was 41 g/kg higher than that of barley. It is well recognised that increasing the fat content of dairy cow diets leads to a lower milk protein content (see Thomas 1984) . In a number of trials the energy source of the supplement was found not to affect milk protein content (Castle et al. 1981 , Mayne and Gordon 1984 , Sloan et al. 1987 , Huhtanen 1987 . However, Thomas et al. (1986) and Phipps et al. (1987) found a tendency for concentrates based on highly digestible fibre sources to decrease milk protein content. The lower milk protein content associated with the use of concentrate based on sugar beet pulp and rice bran (Thomas et al. 1986 ) may well have been due to inclusion of fat in the concentrate and not the digestible fibre per se. Also Thomas and Robertson (1987) observed a large reduction in milk protein content when of 60 g fat/kg was included in concentrate containing a large proportion of fibrous byproducts.
The reduction in the digestibility of DM and OM with increasing level of barley fibre is similar to that reported by Staples et al. (1984) when the proportion of wet maize gluten feed in the diet was increased. On the other hand, when barley was replaced by sugar beet pulp (Mayne and Gordon 1984, Huhtanen 1987 a) or starchy concentrate by fibrous concentrate (Phipps et al. 1987) , no differences in OM digestibility were observed. OM digestibility of barley fibre calculated by difference was markedly lower in the present experiments than was found in sheep (0.67 v. 0.74) fed at the maintenance level (Nasi 1988) . The size of barley fibre particles is small and they were available for passage without further comminution. The small particle size is necessary for the starch process. Because the level of feed intake in dairy cows was 3-4 times higher than in sheep, digesta retention time is shorter (Growum and Williams 1977) , with reduced digestibility. The lower digestibility of barley fibre in lactating dairy cows than in sheep is in agreement with results of Steg et al. (1985) and Sutton et al. (1987), who reported a greater reduction in the digestibility of diets based on fibrous by-products than of diets based on starchy supplements when the level of feeding was raised.
In contrast to the present results, Staples et al. (1984) found that digestibilities of NDF, ADF and especially hemicellulose were linearly increased by substitution of wet maize gluten feed for maize and soybean meal. This may indicate that the digestibilities of cell wall carbohydrates of maize gluten feed are higher than those of barley fibre. It seems unlikely that barley fibre reduced the digestibility of grass silage because silage intake was increased with increasing level of barley fibre. Rather, this argues that the cell wall components of barley fibre were less digestible than those of grass silage. As the proportion of barley fibre in the diet increased, the supplement contributed proportionately more to the intake of cell wall components.
The difference in ME intakes estimated from feed tables and based on digestibility measurements increased with the proportion of barley fibre in the diet. This can partly be attributed to the use of the same energy value for DOM (19 MJ/kg DOM) for all diets irrespective of fat content and partly to the reduced digestibility of barley fibre at high level of intake in dairy cows. The value of 0.637 for the efficiency of utilization of ME for milk production when diet F was given is similar to values of Maff (1975) and ARC (1980) , suggesting that the cows were close to energy balance. On the other hand, lower values with higher levels of barley in the diet indicate either lower efficiency of ME utilization or, more likely, a change in energy partitioning. In a previous trial, plasma insulin concentration was significantly higher in cows given barley than in those given sugar beet pulp (Miettinen and Huhtanen 1987, unpublished) , which would be expected to increase the uptake of nutrient by adipose tissue while depressing lipolysis.
Subtracting ME requirements from ME intake gives the ME available for production (ME P ), and the ME used for milk production was calculated as milk energy/k, (a value of 0.62 was used for k" Maff 1975) . The difference between ME P and milk energy/k, was considered to be associated with body weight change. Estimates for body energy balance indicate that, as the proportion of barley fibre in the diet increased, the cows were storing less energy in the body. ME balance estimates were 17, 10, 7 and -3 MJ for diets B, BE, FB and F, respectively.
Conclusions
The productive value of barley fibre in lactating dairy cows given grass silage ad libitum was better compared with barley than could be estimated from digestibility values determined in sheep. Calculation of energy balance suggested that, relative to other diets, cows given barley partitioned more energy to adipose tissue and cows given increasing amounts barley fibre partitioned a greater proportion of the production energy to milk. Because the cows refused to eat all the supplement containing barley fibre alone, we do not recommend using this kind of barley fibre alone as energy supplement. Tutkimuksessa verrattiin ohran ja integroidusta tärk-kelys-etanoliprosessista saatavan ohrarehun (120 g raakavalkuaista, 550 neutraalidetergenttikuitua, 120gtärk-kelystä/kg kuiva-ainetta (ka)) vaikutusta säilörehun syön-tiin, maidontuotantoon ja rehun sulavuuteen lypsylehmillä. Koe-eläiminä oli 8 Ay-lehmää, joista puolet oli ensikkoja. Koe tehtiin kaksinkertaisena 4x4 latinalaisena neliönä. Perusväkirehuna oli ohra (A), josta 1/3 (B), 2/3 (C) tai 3/3 (D) korvattiin ohrarehulla. Näitä rehuja annettiin 6.5 kg ka/pv, minkä lisäksi lehmät saivat I kg:n rypsirouhetta ja 0.25 kg kivennäisseosta päivässä. Säilö-rehua oli vapaasti saatavilla 24 tuntia vuorokaudessa.
Ohrarehun osuuden lisääntyessä säilörehun kuiva-aineen syönti lisääntyi 9.91 kg:sta 11.56 kg:aan/pv (P< 0.001). Ohrarehun huonomman maittavuuden vuoksi lehmät söivät runsaasti ohrarehua sisältäviä väkirehuja (C; D) vähemmän kuin pelkkää ohraa, joten erot kuivaaineen syönnissä yhteensä olivat pienempiä eivätkä olleet tilastollisesti merkitseviä. Ruokinnoilla B ja C kuiva-aineen syönti oli keskimäärin 0.73 kg (P<o.l) suurempi kuin pelkkää ohraa saaneilla lehmillä.
Ohrarehun osuudella ei ollut merkitsevää vaikutusta maitotuotokseen (keskimäärin 24.6 kg/pv) eikä rasvakorjattuun maitotuotokseen. Maidon valkuaispitoisuus aleni merkitsevästi (P< 0.01) ohrarehun osuuden lisääntyessä ja sama suuntaus (P<o.l) oli todettavissa myös rasvapitoisuuden osalta.
Väkirehun muuttuessa pelkästä ohrasta pelkkään ohrarehuun maitovalkuaisen tuotanto väheni 5.2°7o (P<0.05).
Ohrarehun sulavuus oli huonompi kuin ohran ja dieetin orgaanisen aineen sulavuus laski 0.742:5ta 0.661 :een (PcO.OOl) lisättäessä ohrarehun osuus o:sta 100 %:iin väkirehussa. Raakavalkuaisen ja raakarasvan sulavuuteen ohrarehulla ei ollut vaikutusta, multa solunseinämäainei-den sulavuus huononi ohrarehun osuuden lisääntyessä. Laskelmat energian hyväksikäytöstä osoittavat, että ohran muuntokelpoisen energian hyväksikäyttö maidontuotantoon oli huonompi kuin ohrarehun tai todennäköisem-min, ohraa saaneet lehmät käyttivät suuremman osan energiasta kudosvarastojen kasvattamiseen maidontuotannon sijasta kuin ohrarehua saaneet.
